KONTIAINEN AND ANDERSSON
BRIEF DEFINITIVE REPORT cells from CGG-immunized mice were mixed with CGG-coated (subagglutinating doses of chicken anti-SRBC) sheep red blood cells (SRBC) in proportions of 1:50. The mixture was incubated in RPMI 1640 medium containing 3% FCS at 37°C for 10 min, centrifuged at 200 g for 5 min at +4°C, kept at room temperature for 15 min, and in an ice bath for an additional 30 min. Thereafter the pellet was disrupted by gentle shaking, the suspension diluted with cold Dulbecco's salt solution supplemented with 3% FCS to give a final concentration of 5 x 10 6 nucleated cells/ml . 20 ml of the suspension containing cells forming rosettes with CGG-coated sheep red blood cells (CGG-RFC), free lymphocytes, and erythrocytes was fractionated by 1-g velocity sedimentation as described by Miller and Phillips (12) . The fractions containing only RFC and only non-RFC were separately pooled and the SRBC lysed with NH,Cl . The RFC and non-RFC were then tested for helper activity as described below.
Spleen T cells from DRC-immunized mice forming rosettes with DRC were fractionated and tested in a similar way.
Tissue Culture Conditions . Marbrook type cultures were used for cooperative responses in vitro as described (10) . The numbers of helper cells needed for optimal antibody responses under these conditions are ca . 10 5-106 per culture (10) . Spleen cells, nylon wool-filtrated spleen cells, RFC, or non-RFC were mixed with 15 x 106 TNP-KLH immune or normal spleen cells, and the mixture was challenged with 2 hg of DNP-CGG/ml or with 1 x 106 TNP-DRC/ml . The culture medium was MEM + 5% calf serum. After 4 days in culture, the cells were harvested, and the numbers of anti-DNP antibody-forming cells (anti-DNP-AFC) per culture assayed (10) . Only direct (IgM) AFC were tested . In the tables means ± SE are given.
Results
Proportions of T Cells Forming Antigen-Specific Rosettes . Out of nylon wool-filtered CGG-immunized spleen cells 0.5-1% formed rosettes with CGG coated SRBC . The same percentages of DRC-RFC were found in nylon woolfiltrated DRC-immune spleen . The isolated RFC were sensitive to anti-T serum plus complement . Less than 4% of CGG-RFC had detectable surface immunoglobulin, while less than 7% of non-CGG-REF had detectable surface immunoglobulin .
Enrichment of Helper Cells in Rosette-Forming Cell Fraction . Depletion of B cells by the use of nylon wool filtration improved the efficiency of CGG-primed spleen cells as helper cells (Table I) . Treatment of spleen cells with anti-T serum and complement reduced the number of anti-DNP-AFC to background levels (190 AFC/culture) . However, a 100-fold enrichment in helping efficiency was seen in the fraction of lymphocytes forming rosettes with CGG-coated sheep cells, e.g . 10' CGG-RFC gave 713 AFC per culture as compared to 790 by 10 6 nylon wool column-passed cells (Table 1) . A decrease in helping activity was seen in non-RFC fractions as compared to the unfractionated cell population . With higher number of non-RFC a weak helper activity could be detected in some experiments. As shown in Table 1 , 10' non-RFC gave 503 AFC as compared to 790 by 10 6 cells of the unfractionated population . These findings indicate that there is a selective recovery of helper cells in the CGG-RFC population .
The Specificity of Rosette-Forming Helper Cells. To test the specificity of helper RFC, nylon wool column-passed spleen cells from CGG-immunized and from DRC-immunized mice were mixed in equal proportions . The cells forming rosettes with DRC were then isolated from the mixture by velocity sedimentation . The helper activity in the DRC-RFC fraction, as well as that in the fraction depleted of DRC-RFC, was then compared to that in the original mixture. Cells in the DRC-RFC fraction showed an enrichment (ca. when challenged with TNP-DRC, but no helper activity when challenged with DNP-CGG (Table I1) . Cultures with helper cells from the non-DRC-RFC fraction displayed unaltered responses to DNP-CGG as compared to the unfractionated mixture, but gave only a weak response when challenged with TNP-DRC . With high helper cell doses, however, this decreased response to TNP-DRC challenge was overcome (Table II) .
Discussion
Our results show that helper T cells can be enriched with the use of rosetting techniques . The enrichment is specific, e .g . from a mixture of helper cells of two different specificities a given specificity can be selectively isolated . The T-cell nature of the helper cells is shown by their sensitivity to anti-T serum and complement, and by the fact that the majority of the B cells were removed by filtration through the nylon wool column . Although T cells binding a variety of antigens like sheep red blood cells, synthetic polypeptides, and keyhole limpet hemocyanin (13-15) have been demonstrated, the efforts to recover helper cells by specific rosetting have so far been unsuccessful (5) (6) (7) . The discrepancies between previous reports and this work may perhaps be explained by a number of differences . We have used purified immune T cells as a starting cell population . Also, as T cells generally show a relatively weak binding of antigen (13, 15) , we expected helper RFC to be fragile . The 1-g velocity sedimentation technique allows a gentle separation of RFC, as the rosettes are not exposed to strong g forces as in various centrifugation techniques . Also, by the use of in vitro techniques, as opposed to in vivo transfer to irradiated recipients, for the quantitation of helper cell activity we avoided the contribution of relatively radioresistant host cells (16) in the response . The use of DRC as a control for selective enrichment seemingly excludes the possibility of binding of CGG by the Fc receptors on helper cells (17) .
The finding that a higher number of cells from the helper RFC-depleted population displayed some helping activity correlates to the in vivo findings . Radioiodinated antigen suicide abolished helper activity but the effect was overcome by higher doses of "suicidiced" helper cells (3) . Both of these findings may be related to a low antigen-binding affinity by T helper cells .
Summary
The spleen T cells from mice immunized 6 days earlier with either chicken gamma globulin (CGG) or with donkey erythrocytes (DRC) were rosetted with CGG-coated sheep erythrocytes or with DRC . The immune rosettes (RFC) (antigen-binding cells) were separated from the bulk of nonrosette-forming cells (non-RFC) by 1-g velocity sedimentation and the RFC and non-RFC tested for helper activity in cooperative antihapten responses in vitro . RFC or non-RFC were mixed with normal or hapten-primed spleen cells, challenged with the appropriate hapten-carrier conjugate and cultured for 4 days in Marbrook tissue cultures . The helping activity was quantitated from the numbers of antihapten antibody-producing cells generated per culture .
The results show that specific helper cell activity could be selectively recovered in the immune rosette-forming cell population whereas the non-RFC population was depleted of help. These findings indicate that the helper T cells express specific antigen binding receptors .
